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conversion by NAVFAC. The barge is powered by three Voith-Schneider cycloidal
. propulsors, one forward and two aft, which are used for station keeping,

. maneuvering, and harbor transit. Normally the barge is towed from its

" homeport to the operations site. 1In modifying the original barge a

o considerable portion of the after skegs were removed to provide space for the
(4 flow of the race from the aft propulsors. While the original YFNB barge was

) reputed to have good characteristics under tow, after the conversion the

) SEACON demonstrated a tendency to veer off to one side or the other of the tug
e course, a characteristic known as directional instability. Giannotti & Buck

- Associates, Inc., was contracted to investigate the problem by means of model
K~ tests and recommend a solution. Central questions to be answered in finding a
- solution were: What price would a solution extract in terms of increased

'\ resistance, and would a solution affect the lateral thrusting capability of

C the SEACON's aft propulsors.?
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el -. 1.0 INTRODUCTION
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o The SEACON barge 1s a self-propelled barge operated by the Naval
X

! Facilities Engineering Command and uggd for sea construction projects.’
%}{ Originally built as a U. S. Navy YFNB-type barge, the barge had been

operated by the National Aeronautics and Space Administration orior
to her acquisition and conversion Sy NAVFAC. The barge is pswered by
three Voith-Schneider cycloidal propulsors, one forward and “wo aft,

which are used for station keeping, maneuvering, and harbo~ transit.

Norrm..lly the barge is towed from its homeport to the operatious site.

In modifyving the originai»barge a considerable portion of the after

skegs were removed to provide space for the flow of the race from

the aft propulsors. While the coriginal YFNB harge was renu-ed <o

- have good characteristics under tow, after the conversion the SEACON
:.-

Lo demonstrated a tendency to veer off to one side or the other of the
" ‘\'.‘v._:

¥ tug course, a characteristic known as directional Znstability.
o Giannotti & Buck Associates, Tnc., was contracted to investigate “he
.:«”:-1

i nroblem by means of model tests and recommend a solution. Central
Y questions to be answered in finding a solution were: What price would
e a solution extract in terms of increased resistance, and would n sclu-
e

S tion affect the lateral thrusting cavability of the SEACON's af*

\':'.

e propulsors?
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e - ...2.0 DESCRIPTION OF EXPERIMENTS
Y
¥ ] _.;
Ka% Arrangements were made to conduct the experiments at the Ship
o
Lot Hydrodynamics Laboratory at the University of Michigan. This labora-
’fﬁ tory which has considerable experience in tests of this type, has as
b
~fj its primary facility a ship model towing tank 313 feet lon; by 20
o
e feet wide by 12 feet deep. A 1:32 scale model of the SEACON was con-
‘f? structed for the test. Characteristics of the model and the full size
iﬁ barge are given in Table I. The model was designed so that the pro-
r; pulsors could be removed and replaced by fairing pieces. The cskegs
a-i
".F could also be removed and aft skegs were fitted so that they could
b -
g be turned at various angles to the centerline. Photograrns of various
- features of the stern of the model are shown in Figure 1.
'{{ For the directional stability tests the model was towed by cable
'._~:.
‘}g from the towing carriage. Trials indicated that the length of tow cable
) had little affect on directional stability characteristics. A length of
& tow cable of 25 feet model size, 800 feet full size, was used through-
:Fi out the tests. F¥or several tests the tow cable was rigged to a short
o bridle of one beam scope carried from the foredeck. A sketch is shown
”: in Figure 2.
k: Scale effects are inevitably nresent on directional stabillty
ARt
e tests o° barge models. The directiona’ stability characteristics of
t%} the barge, model or ship, are determined by a dellcatc »alance of
L
}}; the various lateral 1ift and drag forces acting on the hull and the
E
o s appendazes. The boundary layer on the model is proportiorally much
vl . ;
n:¢ thicker on the model than on the ship, and thus the viscous forces
\ }.;..
b3
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Tigure 2

Sketch of bridle arrangement
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are more prominent on the model than on the ship. The net effect of
N this is to create a situation in which the model is less ‘stable than
w .
O the ship, even with fully turbulent flow. In these tests a trip wire®
zﬁt‘ was mounted just aft of the stem to insure that the flow regime over

the model surface was fully turbulent. Various tanks have their own

criteria, based on experience, for compensating for scale effects.

At Michigan, experience has shown that for models of this size if

the double amplitude of the variation from the intended track is three
beams or less then the full size barge will tow straight and true, that
is, will be directionally stable. If the double amplitude of

bt mocel variation is greater than three h»eams then the prototype can be
ny expected to either wander back and forth across the intended track,

or simply veer off to one side and remain there. Trese conditions we
define to be directionally unstab’e.

Directional stability tests were conducted in a variety of
aopendage and ballast conditions. Firs*t, the hull with no appendages
was tested at two displacements (Tests 1.1, 1.2). VNext the original
YF\" skeg configuration was tested “o establish a baseline for com-

par cons with known prototype characte~’stics. The effect of reroving

skerts with only the V-S pronulsors rema’ning was exarinecd (Tests

.
o 3.7 -~ 3.3). Tre original SEACON sker configurat?  wns tes-ed at 5
-4.:*".

e and 10 krots, at several h:ollas* conditlons, and with and without

Pl‘_ '.I-

o hrid7e. = ut, various angles were tried on the at skegs attempting

to achieve stability at the different »alliast condit“ons (Tests 4.1 -

-

17.7%a). Flaps were *hen installed on the outboard t-~ ling edges of the

skrzs.  On the model these flaps were small %" txiorou’a~ weoden prisma:
* A LN4" wire mounted girthwise to ""trin" the lamirar houncory laver
‘nto the turbulent conditior. See Flgure 2.
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_;;; ) ' however, on the full size barge these flaps would simply be built up of
t-?~ flat plate steel. A sketch is shown in Figure 3. A numSer of skeg angles
E;i were tried with the flaps.installed, at each of the displacements, and
f:: with and without bridle (Tests 13.2a - 70). 1In all, 70 directional

e stability tests were conducted with 16 mm motion pictures being taken of
:Eg: selected runs. A summary of all the tests conducted together with the
~If:i results is tabulated in Table II.

) Following completion of the directional stability tests, resist-
::} ance tests were conducted at the 8.50-ft and 11-ft drafts with the skegs
*34 in their present configuration, at various skeg angles, and with the

?) flaps added. The purpose of these tests was to assess the resistance

e increase anc the speed loss which will accompany a directional stabiflity
S solutior. Following standard Michigan procedures, the model was towed
by a *towing arm attached approximately amidships. Resistance was
- measured bv a force block in the towing linkage. Yaw restraints were
T provi ‘od at bow and stern. As in the directional stability tests trip
“aan wire turbulence stimulators were used. Also, following standard prac-
tice the dummy V-S propulsor units were removed and replaced with fair-
S ing pieces.

Mea+ of the resistance tests were conducted at Condition IIA, the
7.75" x 0.25" draft condition. Tests were conducted at skeg angles of

- n ..o .0 ) . " 1e? e o
.- n”, 3, 207 and 250 with flaps and 2t 7 and 13 withcout “laps. One

12.0" drafe. A1 told,

L test wes conducted at Condition TVA, the 10.0°

b

.- thirtv one resistance runs were made.
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DIRECTIONAL STABILITY TESTE

Trials with various le-~+the 0f nw cahle “nédicared little

Cifference in the amplitude ~f <rack cdeviaticn from *° "3 source.

Similarly changing the speoes Trom

[

0o 10 to 15 knots hnd verv

little effect.

First tests of the bHave hull mecdel with ro skeys or Jdummy
prooulsor unite indicatecd grose nstablliav oe exnelted,

Tests with the oxligirsl ¥INB skeg arrangemnt produced a
surprise. The medel towzd strglght apd treva at <ha 5.50-F¢t
drafr, bHut at the 2.50-ft d»aft it proved tc be unstanle

trary to the reputed behavior of the protetype. No ewplanation

IES

s offered for thi=s.
Tests with %he -resent SEACLON skeg con imuvvation lemomstwatecd
stability a+ 2221t draft but at normal and oo v dvrfte st e madal

was unstable. In thls recepec*t observed »ro*cirmr hehavior iz

confirmed.

Ixneriments with “he barce at level trim and

harers o Imnrove Do directlorne’

confirmed the gene-2l tendenncy o

wit> increasing dlsplocemens, o3 this fvo-d wias alao clhary U

the STACOY. Ach eving «oobhilicv at £he hweavy D o ocerent sroved
to he more d i flcut <han exvactad,  Towlins By vIidTe e Tneeoa

curend on severa” cerios of nests ond e sroved to o he of oo b
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K St
R I PR A S R B
ne L;‘ VAN Y VR T L"sL‘m;h
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The first series of tests seeking *o <+a>ilize the barge
involved turning the aft skegs cuthenrrd at various angles. The
double amplitude of track variation has beer plotted for the
various test conditions, including those with flaps added, with
the results shown “n Figure 4, “ere, it is assumed that stahility
in the prototvpe will he achieved when the deuble amplituce of the
model track Is three beams ovr les«, e discussed a-ove. A foht
draft the model nrovecd tc »e s+ta™le with the present ueg arrange-
ment (OO). At %he 7.757 x 2,757 (=erma, draTt L owas
necessary to set the skegs at 27%° to achieve scahilisv, Wit

£

this discouraging develorment fvrther pursuit of

"y

the heavy -

nlacement w'.th this skeg arranyement was abancdonecd and attont

b

on
was turned to the iInstallaticr of fleaps. The flans weve inc=alled
on the tra'lling edeges of the skeos and the ceriss wns reoected.

Compare, £for example the two nes “aheled Tond i ar TIA e Fio-

vy

ure 4. Wwith flaps and no dridle the Trired it crosses tHo

. o} . . . -
"stable" line 2t 12% whereas the lLir~ venvesp=t an th po Trng
0 .. . . . .
case crosses at 35% . The :1ddiz%or of £ha fl~~+ ~Sreves £ =nme
I : A . 1 . ~- P
effect rs an “‘ncrease of 237 fr £ akep oo 7ol The aaruw
11,257 % 12.75' érafs case was nex’: evomine’ ond T owns Tolo
. Il - - - -~ - . . R
neces’nrv o o0 o & . ang ant e wish TTane nng sow e T e
- . i . . Y - -
ip a=der to achove cuaRNEiT e TN LT gas e T ape T e T T e ne
tical from a regligtanc ~nt- T 0. The cvost o om0 DVASEe 28
Lo whether ¢his hensvy ClenT oy s ven Uiy renlles e Tromoon
anerat tonn” todint 2T vTew. A telentona converention Wit the

SEACON's master »nau’cod o oo odd 0 on nC

CO?aif;”“ fVA' {h. N (R
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draft, to the test plan. Test

bridle with results as showr =
with bridle at a skeg angle of
an angle of about 40° without

A cross plot on draft of

[y

hilize the barge un through a

Litv throug

word achleve g=nhi

RESISTANCT TTETS

Resis*tance tests were nrot

work for this studv: however,

Aasnect of +he nvogrim as an acd’

tests in order %o "rooner'v eva
bility on ircrease in res’stan

The teats chowed that Tu?

‘ce In terms o

exact a heavyv »7
and prototvone resictancers and

clean (smooth) bHovreom and To-

s were repeated with and without

7,

r Figure /. S=abi . _.v is achieved
"1(\0
20

whereas extrapolation sugrests

bridle will be necessary.

the ‘nformation in Figure 4 is shown

: R . o i
n Figure This 'igure shows =hzat o 15 skeg o»v7¢ .oild sta-

e o
cra®t of 9 feet ard that a 30 arcle

N oan L1-ft drafr,

e

a nart of il

the original scune of
Tt owas olz macessarv to add this

et w0 ko civectional stabililew

lunte “»e “mnact of achiovips sta-
ce ard el -nreorelled enco’ loge,

-

_ostonilization oL Tndoed,

’

£ registance., A eommary of model

TV Ty e cnapa of o n

prototyno

the case ¢ a fouled ‘v e hottom

is given in Tabhle "77 and ~lotted “r Vieuwe AL Tab e TV vescnte
these resulta 37.~v nme T ey ond emtranontfon T prvor areoments
of s™in gneed. TFloure T oehnge the NI angd omatahlit Y med
resizrance curyes fovowne sl cemepte,

Tn operformioc o o e B Tetnlow TTT o and TVt
ITCC friction Tilow with o Towwy Tosfor W0 Tngrera of 0 O80T e
for the smooth™ Hott rae T vt vam cnge Do Terended
corr spord to tho hargs in dis o ovoagent cond T iian, Siace there e
no way 0f bnayan exnct’s s art oy mpnd T ee Te ] rhars

\ W L *"'\"}.‘\"“
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is-some question involved here. Studies “y Xan, et. al.(l)

and others have shown that for a badly fouled bottom the Coeffi-
cient of Friction becomes Reynnlds Number independént and assumes

a constant value. The magnitude of this value depends on the extent
of fouling and tends to a limiting value; “owever there is not
general agreement on what this value is. A value of £.5 x 10"3 is
suggested by Kan, et. al. and several other authors. Since the
SEACON bottom has been coated wit™ hot nlrstic a somewnat lower
value is eppreopriate. A C_ of 5.0 x 10—3 was chosen on this basis
and to give agreement with observed speeds.

With the skegs at 0° there is vro sigrificant increase In
resistance due <o the addition of the flaps. At speeds from 5 %o
10 knots the resistance ‘ncrease due to flaps varies from 307 to
14%. With flaps ‘nstalled, the resistance increases for the skeg
angle, necessary tc achieve stahility for t-+ normal ard heavy Jis-
placements s shown in Table V. Increases of A5 - 767 comparec to
+*he nresent configuration are ncoted for the normal displacement and
125 - 1407 for the heavy disrlacement.

The magnitude of the skeg argle resictance increment is, of
course, stronglwv, in fact nearlv linenvlyv cdependent on skeg angle,
less strongly dependent on speed, and nearlv indevendent o dis-
nlacements.

The magnitucde of these increases tends to discourage full
stabilization over *he entire displacement ranpe,

The estimn*te of self-propelled specd “oss inve’ves come knowli-

edge or estimation of »~ronvlsive charactev’<il-s not measured o

these tests. “Towever ‘< ‘e %nown that with engines ~t 1870 ~nm

B ~ ~, 2 A e RS AP NN

/7Y Kan, S., Shiha, "o Tsvchida, Y., and Vokoo, ¥, e TG
of Fouling o7 a 5hin's Tull and Pro~: T lov o ypon Prant owove
Per“ormance,' Tnternational Srinbul.d 3 Promres:, Joroary

1952, Vol. 5, No. 41
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and with the bottom in its present condition the barge will make

a speed of 5.2 knots. 1In addition it is known that the barge made
7.0 knots on trials with a clean bottom. Using these scraps of
information it is possible to work backwards, then develop a rough
projection. First, based on the present engines installed assume
a total BHP of 970 HP at the output stubs of the engine gears.
Then at 7.0 knots, from Table IV, the EHP will be 130. This in
turn will give a Propulsive Coefficient = %gg = ,134 for the
current engines, clean bottom case, an efficiency which is very
poor by any standard. Next, assume that the fouled bettom

Cf = 5.0 x 10—3 discussed above applies. Discounting the P. C. by
207 to allow for blade fouling gives a fouled bottom P. C. of 107
and an EHP of 104 which should correspond to the currernt Sarge
concdition. This EHP, in turn, gives a soeed (Figure 6) of
approximately 5.2 knots correpending to observations. TFor powering
following replacement of the af* engines we will assume that the
full continuous rated horsepower of the ovlant, 1020 BHP, will be
developed. This would give 137 E¥™ for the clean bottom case and
109 EHP for the fouled blade case. With the vulnerabili*v of this
array of assumptions %ert In mind i% is now possible *o construct a
speed loss table, Table VI, whic> ¢'vos some “cdea of the impact of
stabilization con self-provelled =rc-~’ Toss. The sel‘-nropelled
speed loss invelved “n stabilization ie substantial--1.25% k-nts at
the 7.75" x 9.25' draft and 1.85 knots at the 10" x 127 draft for

the clean bot=om case. Speed loss vnder tow, assumin~ constant

prower from the tug, may also now be inferred and this is shown in

24
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Table VII for the clean bottom case. Again, substantial speed

losses--from a knot and a half to nearly three knots--are noted.
Finally the impact of speed loss on transit time is shown in

Table VIII. For this example a constant power available from the
tug of 400 Tow Rope Horsepower (TRHP) is assumed. Actually, at a
lower hull speed of the tug somewhat greater TRHP will be
available for the tow so that this assumption is slightly
pessimistic. An outhound draft of 12' x 12' and a retuvn draft

of 7.75" x 9.25' is assumed. Further, it .s assumed that only

a 15° skeg angle has been elected, meaning that only partial
stabilization will be in effec* on the outbound trip, while the
barge would be fully stabilized on the return triv. Under these
conditions the times for a round trip, present skege and 157 skeg
cases, are showm in the tahle fer dfstarces (ore wav) cof 500 mile;,
1,920 miles, 1.507 miles, and 2,700 miles. Tor a trip of orly

507 miles cut and 570 nmiles bac% the impact of nartial <tabilizatior

would —ean losz of a “ull cday's transit time!

DATERAT, THRUSTTN S TAPABILITY

The barge oneratcers have observed <ha*t under certoin conditions
‘2l control 2f the stern of the cafp ‘e Jdif77cut at oresent, and
have eypressed concern that any solution to e Alrectional
ata~ " iry prohlem net dJameme the latewal thruet e copahilics of the

harce's stern.

No experiments have ~een conducted “n th's rocard: however, a

25
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t} TABLE
AW : RESISTANCE INCREASE NECESSARY TO

_— STARIZIZE BARGE

PRI
:%1» .
i~ 5.0 KNOTS 7.C_XNOTS 9.0 KNOTS
,"'_~ —————— et i — ———r e ———
ot .

Sy 7.75 x 9.25' DRAFT

(L

(Skegs @ 150, Flaps) 767 76% 65%

10.0" x 12.Q" DRAFT s e R Ve
(Skegs @ 300, Flaps) 148% 1407 125%

TABLE VI

TR SELF-PROPELLED SPEED L0OSS
3 2

N 7.75" x ©.25' _raft 10.0" « 12,.7" Draf«

'_.I PRICENT | S¥ECS PRECENT SXIGS
TKEGS o5 SKFGS 2 307

1o Sp Clean
R Speed, C-e 7.10 5.85 5.20 3.35
'ﬁﬂ Yo-tom, Xts
it .

n Speed, Touled

5.35 4.

53
(]
o~
'
[
[o.2]
(@)

Bottor, Xts

TABLE VIT

SPEED LOSS NDUR TOW
., (Constant "ower .rom Tug)

A
~.j 7.75' x °.25" DRAFT

3
AN NOMINAL TOWINC

' AN N aYa Do o AN TN AN
"N imprnG e 5.00 6.1 . 1 R
PRt O00 b IR
SPEED AFTER
"‘:.'“_- STABILIZATION, 2.h5 3.75 5.05 ~LTD 7,50 AT
WAL P ATt - P N4
TN T<. (Skegs 57
> -
o
AORY INEED LogC 2,27 2.25 s "E 1A 25
Tty
AL LN x 170 AT
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visit to the barge and inspection of the wake of the V«S propulsor
units as they change direction reveals the probable sodrce of the
difficulty. The aft skeg‘is directly in the path of one of the
V-S propulsors race as the units swing from 30° to 65° off dead
astern (see Figure 7). The effect of this flow interference is
clearly evident when viewing the wake from astern. The least
"shadow" effect will occur by turning the skegs into the flow, a
skeg angle of about 45°. This, of course, is not an acceptable
solution from a resistance point of view, a2s has been discussed

in Section 3.2 However, turning the skegs outboard thrv any ancle
up *o 45° will tend to improve the situation, not damage 1:,

A skeg angle of 207 is shown in Figure 7.
MOVABLE SXEG

A solution which could acceowodate the range of -~-luvtions cut~
lined in the previous sections wouvld be o make +the aft skegs movable,
sim?’ar *o rudders, except without the cevtrol avsiem, Each movahle
skeg wou < me mounted on a shaft nd rould he fackod out o to the
skeg anpl> oporopriate for the oncrating covdftlone, then pinned at
*hat angle. The expense of such -~ alteration would hYe considerah vy
wrrater than removing the nreser® akers, nret fding some additiera’

-~ . . '

sunporting structure in the ol < erToncTae Sha alo v o
ange. S+iv1) the flexih litw ~f +thie a0 % o maves T oworth of

consideration, if stab’ izat’ on v skegs g retaired as o ocardidl e

solution.
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3.5 STABILIZATION BY THE USE OF A DROGUE

A solution that has been suggested is the use of a drogue
towed astern to stabilize the barge. Tests incorporating a drogue
were included in the original Scove of Work but on recommendation

of Giannotti & Buck Associates, Inc., these were dropped from the

Test Plun. Essentially, the onreblem with a drogue is that a much

- higher drag penalty is Znvolved for the same degree of stabilization.
N An over-simplified representation of the two cases, skegs and
‘.' i
S . . . . :
N “rogue, is shown in Figure 8. Skegs are lif+ing surfaces and as
-2 such o Drag-te-1..ft Ratio of 2/2 is not unreasonable. Thrs, the
T dria nenmsley for a given transverse stabilizing lorce, ¥, could be
. onTw /% ot Fooor less for smoll angles.  On the other niand, when

a croyac e onaed, n fairly long scove of line mast he uged to avoid

- el e e s Thig meara that the artle 1, lower sketeh ip
'h
RN Tieure Y, will be a small ansle ard that a large tersion in the line,
- Herane ST o 1I0F, will he vequired for the same athwartshing
N '
7ol
b atahillzirg force, F. Assuming a Jrag nenaltyv for the drogue of
ek
ik " .
oy on'y Tive timneg the peralty of the skegs (whrich Is coptimistic in
l‘\ u
o favor of the drogue) the THP peralties associated with the use o7 a
-
-7y
'j\j drogoc are shown T Table TX, O ¢<his basis, stabilization Hv
o)
?{ ¢rovuee ay he elimirared from further consideration.
L oA STARTLTZATION RV TUAF QF ENGINES
‘2 . ;
A* present, the Harge undev tow fa b iTllrzod hw owce o Tie
R
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TABLE IX

ESTIMATE OF THE ADDED EHP

2R FOR A DROGUE NECESSARY TO

N EFFECT STARILIZATION

L -- 7.75' x 9.25' DRAFT -- -- 10.0" x 12.0' DRAFT --

- SKEGS DROGUE, SKEGS DROGLE, _
s 115 SKEGS @ 0° @ 3n° SXEGS 7 0
A "h\

= 3.0 KTS 23 115 118 590

5.0 KTS 39 195 186 930
oY 7.0 KTS 99 495 360 1800

e 9.0 KTS 178 890 560 2890
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engines. At normal draft it is necessary to use only one aft

engine and propulsor to straighten out the barge. At the heavy
displacement or under severe weather conditions both after engines
and propulsors must be used. Full load fuel consumption is about

20 sallons ner hour for each of the engines, but it is estimated
that at the partial load inveolved in stabilization the consumption
would only be 15 to 17 gallons per hour. At ~~ assumed maintenance
cost of $3.00 per hour and fuel cost of $0.50 »er gallon, this would
give a cost of about $11.00 »ner “wour for *-e partial load use and
§14.00 per hour for full load use.

An interesting study, which is hHeyond the scone of this work,
would be to examine the pronulsior curves of several typical tugs,
and the SEACON to determine whether the least cost system would be
to use a tug with the SEACCN engines used for stabilization only,
wit>™ -he SEACON engines at full power, or with SEACON in the self-

prerelled mode without tug.

3.7 COST COMPARISON -~ ENGINES VS. SKEGS

Consider the case shown in Table VIII for a trip of 50C ifles
out a1d 500 miles back. With the compreomise selution of <kers at

oL . . . . . e
'S5  <he additional non-productive transit time is one w1 de

TS +he cost of harge ard crew is $6,700.07 per dav this meons that

[

the cost of erhieving stabilizat’on bHv the use of skegs Tor this

mne ~age would be SAD00.0C. Dn “he othor hand, nsin stabhi’ Toos fon

\
N oemcines, two englines outhourd, one onciee roturn, the cost of

~ta~iTization would »e only ¢7 . 9s0. 00

3
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The cost of installation for the skeg system is estimated to
be $10 - $12K for reorienting the skegs in a fixed ﬁosition, assuming

that the conversion would take place during a regular drydocking

period and that only additional labor, material and crane services
APl would be involved. Using similar assumptions the cost of installing
D movable skegs is estimated at $60 - $70K.

N On these premises, the most cost effective solution is to

e reject the "ixed or movable skeg solutiors and retain the present

o system--stabilization with engines.

i 4.0 CONCLUSIONS

S 1. Length of tow cable and speed have little effect on directional

- stability.

2. Trim aft improves stability characteristics.

R 3. Towing by bridle improves stability characteristi-s

'i' » . . - . R . . 1.

X 4. Directional stability deteriorates with ircreasine risplacemen®.
- l\'-

s ) . . . .
(- 5. The present configuratiorn is stable at the light disnlacement

l\ »
P; ¥ f4.75" x 6.25" draft.) At the normal 7.75' x 9.25' draft+

e

e stabilization can be achicved by turning the existing skees

_.' . fe) . . .

B 157 outboard and adding 8" x 8" flaps to the outboard tra®l<in-
- vdee of the skeg. Te achleve “ull stabilization at the 0" x " 27
‘ : o . \ . Ve
k= v draft, skegs at 30 flans, and two by dridle weu'd e necessarv,
u",‘-"’

N At the 11.277 x 12.75" draf- the skegs would have =0 e tuvned

« "I .

L

S o . .

O 450 with flane and bridle tow.
by a8
g
‘f\}
v,
5 :..
“OSd
P 34
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Flaps are very effective. Addition of flaps provide the
equivalent of an increase of 23% in skeg angle in achieving
stability, yet the price exacted, in terms of resistance,
would correspond to only 2%0 increase in skeg angle.

Turning the skegs outboard to stabilize the »arge will not
damage the lateral thrusting capabilityv of the stern
propulsors, and,in fact,will nroduce some improvercnt

Movable or adjustable skegs are an expensive but viable
solution to the problem of stabilizing the barge without using
the engines.

Resistance penalties for stabilization are hich. For example,
at the normal draft and at 7.9 Xnots a 767 increase ‘n resistance
will be required. The corresponding self-prcpe'’ > snernd “oss
would b»e about one and one quarter knots (c ean bottom.)

The propulsive efficiencv of the present svstem as ‘nferred
from the known speed and the model test results is quite poor
--13.47 and should he investigated for the possibilities of
improvement. Well deocumented speed tria'< would be helrnful in
this regard.

Speed loss inherrent “n using skeo stahilization v 11 increase
transit times in excess of 207. A 24-hour increase was noted

under the assumptions ‘n the 500 mile trin studied.

In terms of cost effectiveness, the best solut on will He tao

use the engine(s) for stabilizing the Narce. Vxner oo o
proven this to be an effective method. " ¢ ircrease in transit
time Involved in a “fxed-skeg solution cou’d ‘nduce costs at
;

least three times as zreat as the e of creine< Tor stab’ lization.
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